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HAWKINS, M. F., C. A. BARKEMEYER AND R. T. TULLEY. Synergistic efl~'cts ofdopamine agonists and centrally 
administered neurotensin onJ~eding. PHARMACOL BIOCHEM BEHAV 24(5) 1195-1201, 1986.--Several lines of evidence 
indicate that neruotensin may modulate the activity of dopamine systems in the central nervous system. The present study 
investigated the possibility that intraperitoneal injections of the dopamine agonists l-dopa and bromocriptine would alter 
the aphagia produced by central administration of neurotensin. It was found that neurotensin suppressed feeding in 
food-deprived rats when injected into the lateral ventricle or the ventromedial hypothalamus. Food intake was not affected, 
however, when the peptide was placed in the lateral hypothalamus. A dose-dependent aphagia was also observed following 
peripheral injections of I-dopa and bromocriptine. Additionally, the anorectic effect of centrally administered neurotensin 
was potentiated by concurrent administration of doses of I-dopa or bromocriptine which, when given alone, had no effect 
on food intake. The data suggest that neurotensin aphagia may be mediated by the peptide's ability to increase the activity 
of dopamine systems in the central nervous system. 

Bromocriptine Feeding Levodopa Neurotensin Peptides Satiety 

A body of evidence has accumulated which suggests a link 
between the effects of neurotensin and the neurotransmitter 
dopamine. One area of evidence is related to the distribution 
of neurotensin and dopamine systems in the central nervous 
system. Neurotensin is heterogeneously distributed in the 
brain, is found in the synaptosomal fraction after ultracen- 
trifugation, and is associated with high-affinity binding sites 
[22, 23, 26]. Interestingly, in many of these areas neurotensin 
receptor sites are found to coexist with dopamine. In the 
mesolimbic dopamine system axons from cell bodies in the 
A-10 ventral tegmental area project rostrally to terminal 
fields in a variety of forebrain structures including the olfac- 
tory tubercle, nucleus accumbens, and the prefrontal cortex 
[5]. Neurotensin and dopamine have been found to coexist in 
the ventral tegmentum of the mesencephalon [12,24], the 
nucleus accumbens [12], and the olfactory tubercle [2]. In 
the nigrostriatal dopamine system dopamine and neurotensin 
are found to coexist at the point of origin in the substantia 
nigra as well as in the terminal fields of  the corpus striatum 
[2,9]. Dopamine and neurotensin are known to coexist in the 
tuberoinfundibular tract as well [10]. 

The close parallels in the distributions of neurotensin and 
dopamine suggest a functional relationship between the two. 
It has been proposed that neurotensin may act as a neuro- 
modulator of dopamine activity in the central nervous sys- 
tem [21, 22, 27, 28]. The suggestion is supported by investi- 
gations of the effects of neurotensin on central dopamine 
activity. When injected into the cerebral ventricular system, 
neurotensin has been shown to increase the concentrations 
of dopamine and its metabolites [6, 20, 27-29]. Myers and 
Lee [20], for example, found with a push-pull perfusion 
technique that infusion of neurotensin resulted in an increase 
of dopamine and its metabolites from the substantia nigra of 
conscious, unrestrained animals. Additionally, this effect 
seemed to be specific for dopamine in that neurotensin infu- 
sion did not alter serotonin concentrations. 

An interesting relationship between neurotensin and 
dopamine activity has been demonstrated in the mesolimbic 
system. It appears that neurotensin increases dopamine ac- 
tivity when it is injected into the point of origin of this system 
(i.e., the ventral tegmental area) and decreases dopamine 
activity when injected into terminal fields such as the nu- 
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cleus accumbens [1 l, 15, 22]. Neurotensin injected into the 
nucleus accumbens, for example, blocks the hyperactivity 
produced by dopamine injected into the same locus [15]. 
Intra-nucleus accumbens neurotensin will also prevent the 
hyperactivity produced by neurotensin injected into the ven- 
tral tegmental area [14] and amphetamine-induced hyperac- 
tivity [4]. Conversely, neurotensin injected into the ventral 
tegmental area results in increases in general locomotor ac- 
tivity which are dopamine-dependent [11,13]. The behavioral 
data are supported by single-cell investigations which have 
reported that iontophoretic application of neurotensin in- 
creases the activity of dopamine neurons in the ventral teg- 
mental area [1] and decreases the activity of dopamine cells 
in the nucleus accumbens [19]. These data provide compel- 
ling evidence that neurotensin modulates the activity of 
dopamine pathways in the central nervous system. 

It is now well established that neurotensin injected into 
the central nervous system results in a dose-dependent re- 
duction of food intake [7, 17, 18, 23]. This aphagia occurs 
following ventricular and ventromedial hypothalamic injec- 
tion but not when the peptide is infused into the nucleus 
accumbens [7]. The experiments reported below were con- 
ducted to investigate the possibility that the anorectic prop- 
erty of centrally administered neurotensin would be altered 
by concurrent administration of dopamine agonists. For this 
purpose dose-response relationships were first established 
for neurotensin, I-dopa, and bromocriptine when these sub- 
stances are administered individually (Experiment 1). Sub- 
sequently, neurotensin was injected into the cerebral ventri- 
cles and the hypothalamus in conjunction with peripheral 
administration of l-dopa or bromocriptine (Experiment 2). 

GENERAL METHOD 

Subjects 

Male Sprague-Dawley rats (25%330 g) of the Holtzman 
strain were used. They were housed individually in sus- 
pended metal cages in a temperature-controlled (22_ + I°C) 
room with free access to food (Purina Rat Chow) and water. 
The lights were cycled on a 12:12 photoperiod (on 0600: off 
1800). Testing was done during the light phase and was 
begun at 0900 each day. 

A total of 111 animals were used. These were randomly 
assigned to one of the following treatment conditions: 

1, intraperitoneal l-dopa (n=20) 
2, intraperitoneal bromocriptine (n= 25) 
3. lateral ventricular neurotensin (n=23) 
4, ventromedial hypothalamic neurotensin (n= 13) 
5. lateral hypothalamic neurotensin (n=6) 
6. ventricular neurotensin and peritoneal bromocriptine 

(n=6) 
7. ventromedial hypothalamic neurotensin and peritoneal 

bromocriptine (n=6) 
8. ventricular neurotensin and peritoneal 1-dopa (n=6) 
9. ventromedial hypothalamic neurotensin and peritoneal 

I-dopa (n=6) 

Surgery and Histology 

Stainless steel guide cannulae were implanted in the lat- 
eral ventricle (LV), ventromedial hypothalamus (VMH), and 
lateral hypothalamus (LH) with the aid of a Kopf small 
animal stereotaxic instrument. Coordinates for the implants 

[25] were as follows: LV = 0.0 mm anterior to bregma, 1.6 
mm lateral to the midsagittal suture, and 3.0 mm ventral to 
dura; VMH -- 0.2 mm anterior, 0.7 mm lateral, and 8.0 mm 
ventral ; LH = 0.2 mm posterior to bregma, 2.0 mm lateral, 
and 8.0 mm ventral. The surgical techniques employed have 
been described elsewhere [7,8]. 

At the completion of testing, the animals were sacrificed 
with an overdose of chloroform and were perfused systemi- 
cally with 0.9~A saline followed by l~/c phosphate-buffered 
Formalin. After storage in Formalin for at least 24 hours the 
brains were blocked at the angle of cannula entry and frozen 
40 micron sections were taken through the area of implanta- 
tion. The sections were mounted on microscope slides, 
stained with cresyl violet, and examined for the site of injec- 
tion. 

Injecti+m,~" 

Neurotensin (Sigma Chemical Co.) was dissolved in 
sterile distilled water and was dispensed in 100 microliter 
aliquots into microcentrifuge tubes. The aliquots were 
lyophilized, placed in a desiccator, and stored frozen until 
the day of injection. Neurotensin was reconstituted in sterile 
normal saline for injection. Bromocriptine and I-dopa (Sigma 
Chemical Co.) were dissolved in sterile normal saline to an 
injection volume of 1.0 ml/kg body weight just before use. 
Normal saline was used for all vehicle control injections. 

On the day of injection an animal was taken from its 
home cage, weighed, and given central and/or peripheral in- 
jections depending upon group assignment. For those 
animals that received intraperitoneal injections only, the in- 
jections were performed 30 minutes before the first presen- 
tation of food. When both central and peripheral injections 
were necessary the peritoneal injections were done 30 min- 
utes before the central injections and food presentation. For 
central injections the injection volume was delivered over 
approximately a 90-second period and the injector was left in 
place for an additional 30 seconds to allow for diffusion to 
occur at the tip. The volume used for LV injections was 5.0 
microliters; these injections were unilateral. Injections into 
the VMH and LH were bilateral and a volume of 0.5 mi- 
croliters per side was used. 

Pr<~cedmc 

Following postoperative recovery the animals were 
placed on a schedule of six-hour food availability. Food 
(Purina Chow) was provided from 0900 to 1500 each day. 
The animals were allowed to acclimate to the new schedule 
for 10 days. Prior to receiving food each day the animals 
were weighed and handled in a manner similar to the one 
used for injections. Body weight was recorded again at the 
end of the six-hour period of food access. Water was avail- 
able ad lib throughout the experiment. 

On day 11 baseline food intake recording was begun at 
intervals of 15, 30, 60, 90, 120, 180,240,300, and 360 minutes 
after food presentation. Preweighed portions of lab chow 
were provided and, after the specified period of time, were 
removed along with spillage which was collected on sheets of 
paper placed under the cage. The sample then was weighed 
again to the nearest 0.1 g and intake computed. Baseline data 
collection continued until food intake and body weight had 
stabilized (three to seven days). 

Experimental testing was begun on the day following 
completion of the baseline phase. During the experimental 
phase the animals were handled as they were in the baseline 
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FIG. I. Representative placement sites for implants into the ven- 
tromedial hypothalamus (A), lateral ventricle (B), and lateral hypo- 
thalamus (C). Placements are illustrated on plates from Pellegrino, 
Pellegrino and Cushman [251. Numerical values represent distance 
from bregma in millimeters. 

period with the exception that injections were given. All of 
the animals in a group received the same drug treatment on 
each experimental day and the sequence of the injections 
across days was randomly ordered. Animals were im- 
mediately returned to their home cages after injection and 
the first portion of food was presented. Injection days were 
spaced a minimum of 48 hours apart to allow for an interven- 
ing eight-hour period of food intake unaffected by drug ad- 
ministration. 

Statisti(al Ana/ysis 
The data were analyzed with a repeated measures 

ANOVA and subsequent post-hoc tests (Duncan's Multiple 
Range). The alpha value for post-hoc analysis was set at 
0.05. 

EXPERIMENT 1 

Experiment 1 was conducted to establish dose-response 
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FIG. 2. Mean food intake for six hours following lateral ventricular 
injections of three doses of neurotensin (NT) or intraperitoneal in- 
jections of I-dopa (LD) or bromocriptine (BR) compared to saline 
control. Unconnected symbols (X) represent baseline food intake. 

relationships between food intake and various concentra- 
tions of neurotensin, I-dopa, and bromocriptine. Neuroten- 
sin was microinjected into the LV, VMH, and LH. Bromo- 
criptine and l-dopa were given intraperitoneally. Selection of 
the doses employed was based upon previously published 
research [7] and pilot data from our laboratory. 

N E U R O T E N S I N  

Method 

A total of 23 animals were implanted with unilateral LV 
cannulae. Doses of 10, 20, and 50 micrograms of neurotensin 
were used. Additionally, microinjections of 2.5 micrograms/ 
side were performed in 13 animals with bilateral VMH im- 
plants and 6 animals with bilateral LH implants. 

Results 

Histo/oA, y. Figure 1 shows representative placements for 
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FIG. 3. Mean cumulative food intake for the first 60-minute period 
after injections into the lateral ventricle (LV), ventromedial hypo- 
thalamus (VMH), and lateral hypothalamus (LH). B=baseline; 
S=saline control; 2.5, 10, 20, and 50=micrograms of neurotensin. 
Verticle bars represent 1 standard error of the mean. 
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FIG. 4. Mean ( - I standard error) cumulative food intake for the first 
60-minute period after intraperitoneal injection of I-dopa (LD) or 
bromocriptine (BR). B=baseline; S=saline control: 0.5, 1.0, 2.0, 20, 
40, and 80 -mg/kg. 

cannulae in the LV, VMH, and LH on plates from Pelle- 
grino, Pellegrino and Cushman [25] with coronal plane coor- 
dinates. The data reported below and the number of subjects 
per group cited above are only for those animals in which 
histological examination confirmed accurate cannula place- 
ment. 

LV injections. Six-hour food intake during the baseline, 
saline control, and three drug conditions is depicted in Fig. 2. 
As can be seen, neurotensin decreased food intake. While 
this effect was significant, F(4,88)=20.99, p<0.0001, and 
dose-dependent, the aphagic effect did not persist through- 
out the entire six-hour recording period. At 60 to 90 minutes 
after injection of neurotensin, food intake had returned to 
baseline and saline control levels. Therefore, the data for the 
first 60 minutes were analyzed to determine dose-response 
relationships. 

Cumulative food intake for the first 60 minutes after in- 
jection is shown in Fig. 3. Saline injections did not change 
food intake from baseline levels while neurotensin injections 
produced a dose-dependent decrease in food intake, 
F(4,88)=27.30, p<0.0001. The 10 microgram dose depressed 
food intake by 2iYTb compared to vehicle control and the 20 
and 50 microgram doses decreased intake 26c/c and 67% re- 
spectively. Post-hoc analysis revealed that all three doses 
decreased food intake significantly and that the l0 and 20 
microgram doses did not differ from one another. 

VMH it~jections. The effect of neurotensin on cumulative 
food intake for the first 60 minutes following injection into 
the VMH is shown in Fig. 3. Intake was not altered by saline 
but decreased 43% when neurotensin was given. This effect 
was significant, F(2,22) -- 25.64, p < 0.0001. 

LH injections. The cumulative data for the first 60 min- 
utes are presented in Fig. 3. As can be seen, the same dose of 
neurotensin which depressed food intake following injection 
into the VMH had no effect on eating when injected into the 
LH, F(2,8)= 1.73, p =0.24. 

L - D O P A  

Method 

Twenty experimentally naive animals received intraperi- 

toneal injections of 1-dopa in concentrations of 20, 40, and 80 
mg/kg body weight. Injection volume was 1.0 ml/kg. 

Results 

Food intake for the complete six-hour period is depicted 
in Fig. 2. A significant main effect for drug condition was 
found, F(4,76)=23.64, p<0.0001. As with neurotensin injec- 
tions food intake tended to return to baseline and control 
levels 60 to 90 minutes into the recording period. Therefore, 
the first 60 minutes of food intake was subjected to further 
analysis in order to determine dose-response relationships. 

Figure 4 displays cumulative intake for the first 60 min- 
utes. L-dopa decreased food intake significantly, 
F(4,76)=33.55, p<0.0001. While the 20 mg/kg dose had no 
effect on food intake, the 40 mg dose suppressed intake 23% 
compared to vehicle control and the 80 mg dose decreased 
intake by 6tY~. Post-hoc analysis revealed that the two high- 
est doses differed significantly from one another and from 
the saline, baseline, and 20 mg conditions. 

B R O M O C R I P T I N  E 

Method 

Bromocriptine was administered intraperitoneally to 25 
experimentally naive animals. The doses used were 0.5, 1.0 
and 2.0 mg/kg body weight. Injection volume was 1.0 ml/kg. 

R~'Sll/tS 

Six-hour food intake for the five treatment conditions is 
shown in Fig. 2 and cumulative intake for the first 60 minutes 
is presented in Fig. 4. Total six-hour intake was reduced 
significantly when bromocriptine was injected, F(4,96)= 
32.04, p<0.0001. Analysis of the data for the first 60 minutes 
revealed that saline injections did not change food in- 
take from baseline levels and the effect of the 0.5 mg/kg 
dose was not different from the saline condition. The 1.0 
mg/kg injection, however, decreased consumption 14% from 
the vehicle control level and the 2.0 mg/kg dose decreased 
intake 2ff7c,. The effects of the two higher doses differed sig- 
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FIG. 5. Mean ( - I  standard error) cumulative food intake for 60 
minutes after injection of neurotensin and l-dopa in the VMH group 
and the LV group. B=baseline; S=saline control; LD=20 mg/kg 
l-dopa; NT=2.5 micrograms neurotensin/side; NT+LD-2.5 micro- 
grams neurotensin/side + 20 mg/kg l-dopa; 20 and 50=micrograms 
of neurotensin. 
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FIG. 6. Mean (-1 standard error) cumulative food intake for 60 
minutes after injection of neurotensin and bromocriptine in the 
VMH group and the LV group. B=baseline; S=saline control; 
BR=0.5 mg/kg bromocriptine; NT=2.5 micrograms neurotensin/side; 
NT+BR=2.5 micrograms neurotensin/side + 0.5 mg/kg bromocrip- 
tine; 20 and 50=micrograms of neurotensin. 

nificantly from the baseline, saline, and 0.5 mg/kg conditions 
but did not differ from one another. 

EXPERIMENT 2 

Experiment 2 was undertaken to investigate the 
possibility that neurotensin-induced aphagia would be af- 
fected by concurrent administration of dopamine agonists. 
Neurotensin was microinjected into the VMH and the LV in 
conjunction with intraperitoneal injections of bromocriptine 
and I-dopa. The doses employed were derived from the re- 
suits of Experiment I. Doses of neurotensin were selected 
which had been demonstrated in Experiment I to produce a 
reliable decrease in food intake. For LV injections doses of 
20 and 50 micrograms were used and a dose of 2.5 micro- 
grams/side was used for VMH injections. Doses of bromo- 
criptine and 1-dopa were selected which, when given alone, 
were shown in Experiment 1 to have no significant effect on 
food intake. Doses of 0.5 mg/kg of bromocriptine and 20 
mg/kg of I-dopa were used. 

N E U R O T E N S I N  + L - D O P A  

M e t h o d  

Six animals implanted with bilateral VMH cannulae and 6 
animals with unilateral LV implants were used. All of the 
subjects were experimentally naive and each was injected 
with saline, neurotensin alone, 1-dopa alone, and neurotensin 
plus 1-dopa. Food intake was recorded for one hour following 
food presentation at intervals of 15, 30, and 60 minutes. 

ResldtS  

Histolog, y. The results depicted in Fig. 1 are representa- 
tive of the implants for Experiment 2. 

V M H  group.  Cumulative intake for 60 minutes is pre- 
sented in Fig. 5. As expected based upon the results of Ex- 
periment 1, a significant effect for drug condition was found, 
F(4,20)=27.94, p<0.0001. Post-hoc analysis revealed that 
food intake did not differ for the baseline, saline, and I-dopa 
conditions. Following neurotensin injection food intake was 
35% less than the saline value; this decrease was statistically 

significant. Additionally, when neurotensin and I-dopa were 
administered simultaneously food intake dropped 62% from 
the saline value. This effect differed significantly from all of 
the others. 

L V  ~,,roup. The results of LV injections are depicted in 
Fig. 5. Once again a significant drug effect was found, 
F(6,30)=26.12, p<0.0001. L-dopa alone had no effect on 
food intake. The 20 microgram dose of neurotensin alone 
decreased food intake significantly (25%) compared to 
saline. The joint action of this dose and l-dopa reduced in- 
take by 4 ~ ,  which was significantly different from all of the 
other treatment conditions. The 50 microgram dose of 
neurotensin resulted in a 7(F~ reduction of food intake and 
I-dopa given simultaneously with this dose decreased intake 
86%. These two effects were significantly different from the 
other treatments but did not differ from one another. 

NEUROTENSIN + BROMOCRIPTINE 

M e t h o d  

Six LV and 6 VMH animals were used. The animals were 
experimentally naive and the procedures employed were the 
same as those described above for the Neurotensin + 
L-dopa groups. 

Res td t s  

V M H  t,,roltp. Figure 6 shows the results of VMH injec- 
tions. A significant effect on food intake was found, 
F(4,20)=13.22, p<0.0001. Neurotensin significantly de- 
creased consumption from the saline value (37%) and the 
combination of bromocriptine and neurotensin resulted in a 
greater decrease in intake (61%) which was significantly 
different from all other values. Food intake was not affected 
by bromocriptine alone and the baseline and saline values 
did not differ. 

L V .~,roup. The cumulative intake data for the LV group 
are presented in Fig. 6. As expected, food intake was altered 
significantly during the first hour, F(6,30)= 18.90, p<0.0001. 
The baseline, saline, and bromocriptine conditions did not 
differ significantly. The 20 microgram dose of neurotensin 
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d e c r e a s e d  food in take  23% f rom the  sal ine va lue  and  the 50 
m i c r o g r a m  dose  r educed  in take  61%,. The  effects  of  these  
two  doses  dif fered s ignif icant ly .  W h e n  20 m i c r o g r a m s  of  
n e u r o t e n s i n  was g iven  in con junc t ion  wi th  b r om oc r i p t i ne ,  
food  in take  was r educed  by  40%; a resul t  wh ich  was  statist i-  
cally equ iva len t  to the  effect  of  in ject ing 50 m i c r o g r a m s  of  
n e u r o t e n s i n  w i thou t  b romocr ip t i ne .  The  c o m b i n a t i o n  of  50 
m i c r o g r a m s  or  n e u r o t e n s i n  and  b r o m o c r i p t i n e  resul ted  in a 
75% reduc t ion  in food  intake.  This  va lue  was s ignif icant ly  
lower  t han  all o t h e r  va lues  excep t  for  the 50 mic rog ram con-  
di t ion.  

D I S C U S S I O N  

The  p r e sen t  da ta  rep l ica te  our  p rev ious ly  pub l i shed  find- 
ing tha t  n e u r o t e n s i n  supp re s se s  food in take  w h e n  in jec ted  
into the  lateral  ven t r i c le  or the  ven t r om ed i a l  h y p o t h a l a m u s  
[7]. Addi t iona l ly ,  we repor t  he re  for  the  first  t ime tha t  the  
pept ide  has  no  effect  on  food in take  w h e n  it is in fused  into 
the  la teral  h y p o t h a l a m u s .  A dose - re l a t ed  dec rease  in feeding 
was also o b s e r v e d  fol lowing per iphera l  admin i s t r a t i on  of  
1-dopa or  b r o m o c r i p t i n e  and  low doses  of  these  d o p a m i n e  
agonis t s ,  which  did not  affect  food  in take  w h e n  g iven  a lone ,  
po t en t i a t ed  the aphag ia  p r o d u c e d  by neu ro t ens in .  This  
suggests  the  poss ibi l i ty  tha t  n e u r o t e n s i n  m ay  a l te r  feeding by 
inc reas ing  the  ac t iv i ty  of  cen t ra l  n e r v o u s  sys t em d o p a m i n e  
sy s t ems  and  c o m p l e m e n t s  p rev ious  r epor t s  of  e n h a n c e d  
dopamine rg i c  ac t iv i ty  p roduced  by n e u r o t e n s i n  [ 1, 4, 6, 11, 
13-15, 19, 20, 22, 27-29].  

In suppor t  of  the  sugges t ion  that  neu ro t ens in  aphagia  is 
med ia ted  by  an  increase  in d o p a m i n e  act ivi ty  are the  f indings  
of  Ka l ivas  and  his col leagues  [1 1-15]. This  t e am has  found 
tha t  n e u r o t e n s i n  in jected into the nuc leus  a c c u m b e n s ,  a 
major  t e rmina l  field for  the  meso l imbic  d o p a m i n e  sys tem,  
p roduces  a var ie ty  of  b e h a v i o r s  ind ica t ive  of  dec rea sed  
d o p a m i n e  act ivi ty .  Conve r se ly ,  w h e n  the  pept ide  is infused 
into the vent ra l  t egmenta l  a rea ,  the  point  of  origin for  the  
meso l imbic  pa thway ,  effects  are p roduced  which  s t rongly  
sugges t  inc reased  d o p a m i n e  act iv i ty .  It is in teres t ing  to note ,  
t he re fo re ,  tha t  we have  prev ious ly  r epor ted  that  neu ro t ens in  
has  no  effect  on feeding w h e n  it is in jected into the  nuc leus  
a c c u m b e n s  [7]. Addi t iona l ly ,  resul t s  of  recen t ly  comple t ed  
r e sea rch  in our  l abora to ry  have  s h o w n  tha t  mic ro in jec t ions  
of  n e u r o t e n s i n  into the  vent ra l  t egmenta l  area  resul t  in a 
p r o n o u n c e d  aphag ia  (manusc r ip t  in review).  

The  fac t  tha t  bo th  b r o m o c r i p t i n e  and  1-dopa ac ted  syner-  
gist ically with  neu ro t ens in  p rov ides  in fo rmat ion  regarding 
d o p a m i n e  recep to r  sub types  which  may  be involved .  
D o p a m i n e  recep tors  are divided into two sub types  based  
upon  pharmaco log ica l  effects  [3,16]. D-1 recep to r s  are l inked 
to adeny la t e  cyclase  within the  cell and  D-2 recep to r s  are 
not .  While  1-dopa is agonis t ic  at bo th  D-1 and  D-2 recep tors ,  
b r o m o c r i p t i n e  is agonis t ic  at D-2 recep tors  only and  acts  as 
an  an tagon i s t  at  D-I  r ecep to r s  [16]. The re fo re ,  if it is t rue 
tha t  n e u r o t e n s i n  aphagia  occurs  as a resul t  of  the pep t i de ' s  
agonis t ic  effect  at d o p a m i n e  synapses ,  ou r  data  suggest  that  
the  D-2 r ecep to r  sub type  may be of  pr imary  impor tance .  

R E F E R E N C E S  

1. Andrade. R. and G. K. Aghajanian. Neurotensin selectively ac- 12, Kalivas, P. W. and J. S. Miller. Neurotensin neurons in the 
tivates dopaminergic neurons in the substantia nigra. Soc 
Neurosci Abstr 7: 573, 1981. 

2. Cooper, P. E., M. H. Fernstrom, O. P. Rorstad, S. E. Leeman 
and J. B. Martin. The regional distribution of somatostatin, 
substance P, and neurotensin in human brain. Brain Re.s' 218: 
21%232, 1981. 

3. Creese, I. Dopamine receptors. In: Neurotran,smitter Recep- 
tors: Bio~,enic Amines, edited by H. !, Yamamura and S. J. 
Enna. London: Chapman & Hall Publishers, 1981, pp. 12%183. 

4. Ervin, G. N., L. S. Birkemo, C. B. Nemeroffand A. J. Prange, 
Jr. Neurotensin blocks certain amphetamine-induced behavior. 
Nature 291: 73-76, 1981. 

5. Fallon, J. H. and R. Y. Moore. Catecholamine innervation of 
the basal forebrain. J ( 'omp Neurol 180: 545-580, 1978. 

6. Garcia-Seville, J. A., T. Magnusson, A. Carlsson, J. Leban and 
K. Folkers. Neurotensin and its amide analogue (Gln4) - 
neurotensin: Effects on brain monoamine turnover. Natttlytt 
S('hmiedet~erea A r('h P/utrma('ol 305:213-218, 1978. 

7. Hawkins, M. F. Central nervous system neurotensin and feed- 
ing. Physiol Behav 36: 1-8, 1986. 

8. Hawkins, M. F. and D. D. Avery. Effects of centrally adminis- 
tered bombesin and adrenalectomy on behavioral thermoregu- 
lation and locomotor activity. Nettropharmacoloey 22: 124% 
1255, 1983. 

9. Herkenham, M., S. P. Wise, R. Quirion and C. B. Pert. 
Neurotensin receptors and opiate receptors in the forebrain of 
the rhesus monkey: Autoradiographic localization. S,,c 
Neurosci Abstr 8: 647, 1982. 

10. lbata, Y., K. Fukui, H. Okamura, 1. Kawakami, M. Tanaka, H. 
L. Obata, 1. T. Tauto, H. Taubayashi, C. Yanaihara and N. 
Yanaihara. Coexistence of dopamine and neurotensin in hypo- 
thalamic arcuate and periventricular neurons. Brain Res 269: 
177-179, 1983. 

11. Kalivas, P. W., P. W. Bergess, C. B. Nemeroffand A. J. Prange, 
Jr. Behavioral and neurochemical effects of neurotensin micro- 
injection into the ventral tegmental area. Nettroscience 8: 495- 
505, 1983. 

ventral tegmental area project to the medial nucleus accumbens. 
Brain Re,~ 300: 157-160, 1984. 

13. Kalivas, P. W., C. B. Nemeroffand A. J. Prange, Jr. Increase in 
spontaneous motor activity following infusion of neurotensin 
into the ventral tegmental area. Brain Res 229: 525-529, 1981. 

14. Kalivas, P. W., C. B. Nemeroff and A. J. Prange, Jr. 
Neuroanatomical site specific modulation of spontaneous motor 
activity by neurotensin. Eur J P/mrnmcol 78: 471-474, 1982. 

15. Kalivas, P. W., C. B. Nemeroffand A. J. Prange, Jr. Neuroten- 
sin microinjection into the nucleus accumbens antagonizes 
dopamine-induced increase in locomotion and rearing. Nem'o- 
science I1: 91%930, 1984. 

16. Kebabian, J. W. and D. B. Calne. Multiple receptors for 
dopamine. Nature 277: 9_3-96, 1979. 

17. Levine, A. S., J. Kneip, M. Grace and J. E. Morely. Effect of 
centrally administered neurotensin on multiple feeding 
paradigms. Pharmacol Biochem Behav 18: 1%23, 1983. 

18. Luttinger, D., R. A. King, D. Sheppard, J. Strupp, C, B. 
Nemeroff and A. J. Prange, Jr. The effect of neurotensin on 
food comsumption in the rat. Era ,I Pharmacol 81: 49%503, 
1982. 

19. McCarthy, P. S., R. J. Walker, H. Yajima, K. Kitagawa and G. 
N. Woodruff. The action of neurotensin on neurons in the nu- 
cleus accumbens and the cerebellum of the rat. Gen Pharmacol 
10: 331-333, 1979. 

20. Myers, R. D. and T. F. Lee. In vivo release of dopamine during 
perfusion of neurotensin in substantia nigra of the unrestrained 
rat. Peptides 4: 955-961, 1983. 

21. Nemeroff, C. B., D. E. Hernandez, D. Luttinger, P. W. Kalivas 
and A. J. Prange, Jr. Interactions of neurotensin with brain 
dopamine systems. Ann N Y  Acad Sci 400: 330-344, 1982. 

22. Nemeroff. C. B.. D. 1.uttinger, D. E. Hernandez, R. B. Mail- 
man, G. A Mason. S. D. Davis, E. Widerlov, G. D. Frye, C. A. 
Kills, K. Beaumont, G. R. Breese and A. J. Prange, Jr. Interac- 
tion of neurotensin with brain dopamine systems: Biochemcial 
and behavioral studies. J Pharmacol Exp Ther 225: 337-345, 
1983. 



D O P A M I N E  A G O N I S T S  A N D  N E U R O T E N S I N  1201 

23. Nemeroff, C. B., D. Luttinger and A. J. Prange, Jr. Neurotensin 
and bombesin. In: The Handbook  of Psychopharmacolo~,,y. 
New York: Plenum Press, 1983, pp. 363-466. 

24. Palacios, J. M. and M. J. Kuhar. Neurotensin receptors are 
located on dopamine containing neurons in rat midbrain. Nature  
294: 587-589, 1981. 

25. Pellegrino, L. K., A. S. Pellegrino and A. J. Cushman. A 
Stereotaxi( '  Atlas ~/ ' the Rat Brain. New York: Plenum Press, 
1979. 

26. Uhl, G. R. and S. H. Snyder. Neurotensin receptor binding: 
Regional and subcellular distributions favor transmitter role. 
Eur J Pharmacol  41: 89-91, 1977. 

27. Widerlov, E. and G. R. Breese. Actions of neurotensin on 
dopaminergic and serotinergic pathways in rat brain. Ann N Y  
Acad  Sci 400: 428-430, 1982. 

28. Widerlov, E., C. D. Kilts, R. B. Mailman, C. B. Nemeroff, T. J. 
McCown, A. J. Prange, Jr. and G. R. Breese. Increase in 
dopamine metabolites in rat brain by neurotensin. J Pharmacol  
Exp Ther 222: 1-6, 1982. 

29. Widerlov, E., C. Kilts, R. Mueller, R. Mailman, C. B. 
Nemeroff, A. J. Prange, Jr. and G. R. Breese. Neurotensin 
increases dopamine metabolites in rat brain. Pharmacologis t  23: 
139, 1981. 


